Abstract: Recent publications have shown that under some conditions continuous linear time-invariant systems become strictly positive real with constant feedback. This paper expands the applicability of this result to discrete linear systems. The paper shows the sufficient conditions that allow a discrete system to become stable and strictly passive via static (constant or nonstationary) output feedback.
INTRODUCTION
Although the strict positive-real (SPR) property has played a crucial role in guaranteeing stability in systems with uncertainty (Steinberg and Coreless, 1985) and in adaptive control (Sobel et al., 1982; Barkana and Kaufman, 1985) of linear time-invariant (LTI) systems, most real-world systems are not inherently SPR. Therefore, it was important to find those systems that can become strictly positive real via constant or dynamic output feedback. In particular, such systems that need only a constant output feedback to become strictly positive real have been called "almost strictly positive real (ASPR)" (Barkana and Kaufman, 1985) because the ASPR property has been shown to be sufficient for stability with adaptive controllers. Many works (Fradkov, 1976; Owens et al., 1987; Teixeira, 1988; Gu, 1990; Huang et al., 1999) have contributed to define the continuous-time ASPR systems, namely, those special systems that not only can be stabilized, but also rendered SPR via constant output feedback. Simply summarized (Barkana, 2004b) , any minimum-phase LTI systems {A, B, C} is ASPR if the matrical product CB is positive definite symmetric. Recently, Barkana (2004a) managed to eliminate the symmetry requirement from the ASPR conditions. It may be worth mentioning that only the transfer function should rigorously be called SPR, while the system should be called strictly passive. However, it is customary to use either name in LTI systems.
Although attempts at directly using the continuous systems results in discrete systems have failed, this paper nevertheless manages to extend the previous results, and thus to establish some useful relations related to the passivity of discrete systems with the realization ( 1) ( ) ( )
The main result of the paper is the proof that any proper minimum-phase discrete linear system with positive definite (and not necessarily symmetric) input-output gain matrix p D can be stabilized and rendered strictly positive real via constant feedback and is therefore ASPR. In addition, the paper will show that systems that are not minimum-phase can be augmented and can become minimum-phase and thus, ASPR, via parallel feedforward. The paper will also show the applicability of the result in nonlinear and adaptive control.
ON ZERO DYNAMICS AND PASSIVITY IN DISCRETE LINEAR SYSTEMS
The stability properties of an LTI system are strongly related to the position of the " 
where the closed-loop system matrix pc A can get any one of the forms
The closed-loop system is asymptotically stable if and only if there exist two positive definite symmetric (PDS) matrices, P and that satisfy the relation
The zero dynamics is given by those trajectories that maintain the output at zero in spite of the presence of input commands. One gets from (2) ( ) ( ) ( ) 0
that gives
Substituting in (1) gives the zero-dynamics equation
where
is the system matrix for the zero dynamics. If the system is minimum-phase, there exist two positive definite matrices, and , such that
Furthermore, in the system representation the closedloop system is strictly passive (Hitz and Anderson, 1969) and its transfer function is SPR if there exist three positive definite symmetric (PDS) matrices of appropriate dimensions, P , and that satisfy the relations
In this case, because the original open-loop plant is separated from strict positive realness only by a constant output feedback, it is called "almost strictly positive real (ASPR)" (Barkana and H. Kaufman, 1985; Barkana, 1987 
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Equation (30) implies that a discrete minimum-phase system can be stabilized via positive definite constant output feedback. Furthermore, if cc K is sufficiently small --possibly smaller than the value needed for (30) --one can also write
This is equivalent with the SPR condition (24) How can such a plant be made ASPR? The results of this paper allow a solid theoretical basis to the use of parallel feedforward in discrete systems Barkana, 1989) . This section will show that stabilizability and "passivability" are dual, as formulated in the following theorem. closed-loop system is asymptotically stable. In this case the augmented system is proper and strictly minimum-phase and is therefore ASPR. A simple example could be useful to illustrate the parallel feedforward idea. Assume that the SISO transfer function can be stabilized by the constant feedback . Therefore, the closed-loop plant with the transfer function
) is asymptotically stable. It is then easy to see that the augmented system
(
) is strictly minimumphase.
In the general SISO case, let the stabilizing configuration be ( ) ( ) ( )
Assume that the closed-loop plant with the transfer function
, namely, is asymptotically stable. It is then easy to see that the augmented system or is strictly minimum-phase.
Now, one can proceed with the general proof: Proof: Given the system G with representation (1)- (2) 
The augmented system is ( 1 
The zero dynamics system matrix of the augmented system is given by 
In a recent application of a non-minimum phase UAV, Barkana (2004b) showed how the use of usually available basic knowledge on plant stabilizability can not only guarantee stability of the adaptive control system in uncertain environments, but also achieve high performance with nonlinear adaptive controller in some of the most difficult realworld plants. 
